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(54) Page composing method using stored page elements and apparatus for using the same 



(57) The invention relates to a method and appara- 
tus for merging page elements according to a layout sig- 
nal into one page for reproduction on a reproduction de- 
vice. The page elements are segmented into smaller ar- 
ea tiles before storage stored into memory. Data from 
the page elements includes metadata describing the po- ' 
sition into the memory of the sub-elements of the page 
element. Due to the used format for the page elements, 



data needed during merging can be retrieved, decom- 
pressed an processed quickly so merging can be done 
in real time during printing. The format used for the area 
tiles enables easy and fast execution of various image 
operations such as mirroring, rotation, etc... 
Complexity data can be incorporated into the page ele- 
ment data, giving information about the amount of 
processing required to execute the merging. 




Printed by Jouve. 75001 PARIS (FR) 



1 



EP1 111 545 A1 



2 



Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for composing an image signal. 
More specifically the invention is related to a method for 
merging several page elements in reaMime into one 
composite page signal which may be delivered to a 
printing engine. 

BACKGROUND OF THE INVENTION 

[0002] Several systems are known to deliver printing 
data to the printing engine of a digital printing system. 
The problem is that the system has to apply a method 
which is capable of delivering data at the speed of the 
printing system. 

One such method is described in the international patent 
application WO-A-99/24933. This document relates to 
the merging of compressed raster images in a printing 
system capable of printing pages containing variable in- 
formation with unrestricted variability from page to page. 
Each page is constructed of several page elements 
which are processed by the raster image processor 
(RIP) in advance and which are stored in a compressed 
format in a page element cache. These page elements 
are merged into one page according to the page layout 
script data. This merging is done while the page ele- 
ments remain mainly in compressed format. The com- 
pressed raster image of the complete page is then de- 
livered to the printer where it is processed by a decom- 
pression and screening system which delivers data to 
the printing device. The method described in WO-A- 
99/24933 has however certain drawbacks. The contin- 
uous tone ("CT") data is compressed using a block 
based compression method (e.g. JPEG 8x8, a compres- 
sion standard of the Joint Photographic Experts Group). 
In order to make rapid merging of two continuous tone 
page elements possible, the merging has to occur along 
CT coding block boundaries. Thus the placing of these 
blocks has to meet certain criteria or the blocks of one 
of the page elements are translated in order to obtain 
an exact overlap of the blocks of the two continuous tone 
page elements. Such an adjustment can be done while 
keeping exact registering of the boundaries of the dif- 
ferent page elements because the locations of the 
boundaries are stored independently of the image con- 
tent of the page elements, but the image of the page 
element is also translated which can cause problems 
when the images of two continuous tone page elements 
need to be in exact registration. In a 300 pixel per inch 
system (12 pixels/mm) using 8x8 JPEG coding this can 
lead to shifts of 1/3 mm which can give rise to visible 
distortions when printing certain images. The merging 
in compressed format also requires that the page ele- 
ments need to be compressed using just one algorithm. 
If different (JPEG) formats are used then it may be nec- 



essary that the boundary blocks of the CT page ele- 
ments have to be decompressed, merged and com- 
pressed again. When merging elements by superposi- 
tion of blocks having transparent elements, the blocks 
5 have to be decompressed before merging. This implies 
the need for high processing power. The image informa- 
tion of these blocks is compressed twice, leading to ex- 
tra loss of image quality. 

Also other drawbacks of the known methods exist. It is 
10 difficult to merge two different page elements having a 
different resolution. When a single page element is re- 
quired at two different locations and orientations on the 
same page, enough memory space has to be available 
to store the different copies of the page elements in e. 
15 g. different orientation. 

OBJECTS OF THE INVENTION 

[0003] It is an object of the present invention to pro- 
20 vide a method for merging several page elements and 
delivering page printing data to the printing engine in a 
digital printing system avoiding the drawbacks of the 
methods known so far. 

[0004] It is a further object of the invention to provide 
25 a method enabling merging and delivering data in real- 
time. 

[0005] It is another object of the invention to provide 
a file format enabling easy merging of page elements. 
[0006] It is a further object of the invention to provide 

30 an easy method for enabling the use of various com- 
pression methods and resolutions. 
[0007] It is another object of the invention to provide 
a method for storing neighbouring pixels as closely to- 
gether as possible on disk to enable fast retrieval. 

35 [0008] It is a further object of the invention to provide 
a method enabling a variety of image operations (rota- 
tion, clipping, merging, translation...) without previous 
computation or for storing the same page element twice. 
[0009] It is a further object of the inventions to provide 

40 a method enabling fast hardware as well as software 
decompression and other image processing. 
[0010] Further advantages and embodiments of the 
present invention will become apparent from the follow- 
ing description and drawings. 

45 

SUMMARY OF THE INVENTION 

[0011] The above mentioned objects are realised by 
a method having the specific features set out in claim 1 . 
50 Specific features for preferred embodiments of the in- 
vention are set out in the dependent claims. An appara- 
tus suitable for using the method according to the inven- 
tion is also described herein and claimed in subsequent 
claims. 

55 [0012] Hereinafter the different terms used in the de- 
scription and claims to define the invention are ex- 
plained in relation to Fig. 1. 
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An image reproduction 10 is a reproduction of the 
image to be produced. This image can include con- 
tinuous tone image data as well as text or graphics. 
The image reproduction 10 may be a physical re- 
production printed out by a printing apparatus such 5 
as a digital printing apparatus. The image reproduc- 
tion 10 can also be displayed as an image on a 
screen. The image reproduction 10 may also take 
the form of an electronic reproduction such as a file 
representing the image and which can be used for 10 
further processing. An example of such an electron- 
ic reproduction is a file stored in a "tagged image 
file format" (TIFF File). 

An image signal is a signal provided to a printer, dis- 
play device or other means. The image signal con- *5 
tains information necessary to display or print the 
image reproduction 10. This image signal can take 
the form of a complete static file though it is also 
possible it is a continuous dynamic stream of data 
from the processing apparatus to the printer. It may 20 
be possible that the complete file does never exist 
as a whole, because the data signals describing the 
start of the page may already have been processed 
or printed and deleted while the signals for the bot- 
tom of the page are not yet composed. The signal 25 
can take any form. It can be a digital signal or an 
analog signal, an electric signal as well as a modu- 
lated radio-signal or an infrared signal. 
A file 10' contains data necessary to compose the 
image signal, it normally consists of one or more 30 
page elements 11' which each hold data for a por- 
tion 11 of the image reproduction 10. It is possible 
that layout data, determining placement and orien- 
tation of the image portions 11 is present within the 
filelV. 35 
A book file is a file containing only layout data nec- 
essary to print the job. This file gives references to 
one or more other files holding the data of the page 
elements 1 1 ' and it holds data about placement and 
orientation of these page elements 1V. <o 
A page element 1V is a file or a portion of a file or 
a data structure containing data representing a im- 
age portion 11 of the image reproduction 10 to be 
reproduced. 

Layout data is data or a data structure describing 45 
the composition and layout of the image reproduc- 
tion 10. This may comprise the position of image 
portions 11 represented by the page elements 1V 
within the image reproduction 10, orientation or an 
imposition scheme of the page elements. The lay- so 
out data may be comprised in a separate layout sig- 
nal or book file containing these data or the layout 
data may be included as a layout signal into the files 
holding the data of the required page elements. 
An area tile 12* is a portion of a page element 1V 55 
and contains data representative of a region 12 of 
an image portion 11. Such region 12 is a subdivi- 
sion, preferable a partition, of an image portion 11. 



A partition of a set is a plurality of disjunctive sub- 
sets, with the provision in that the union of all the 
subsets is the set. Disjunctive means that the inter- 
section of each subset with all the others is empty. 
This area tile 12* contains all the information neces- 
sary for the reproduction of the regior 12 of the im- 
age portion 11. The term "autonomic" area tile 12' 
is used because no data from other area tiles 12' is 
needed to reproduce the region 1 2 of the image por- 
tion 11 described. Position data representative for 
a position of the region 12 within said image portion 
11 is preferably included within the page element 
11' itself. 

An image tile 13* is a portion of an area tile 12* con- 
taining data representative of a sub-region 13 of an 
image portion 11. Such a sub-region 13 is a subdi- 
vision of a region 12 of an image portion 11. 
An image block 14' is a portion of am image tile 13' 
representative for a sub-portion 14 of a sub-region 
13 of an image portion 11 . Such a sub-portion 14 is 
a subdivision of a sub-region 1 3 of an image portion 
11. 

The linear size of an object e.g. an image portion 
11 or sub-portion 14 of a sub-region 13 is defined 
as the diameter of the smallest circle enveloping the 
object. Fig 2a shows an example defining the linear 
size of a rectangular object. Fig. 2b gives an exam- 
ple for an irregularly shaped object. 
The above definition of linear size for a, possibly ir- 
regular, form of an object is not restrictive and only 
provides a reproducible definition for a linear size 
of a two dimensional object independent of the form 
of the perimeter of the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] Fig. 1 shows the relation of the data structures 
to the physical representation of the data in the repro- 
duction 

[0014] Fig. 2a illustrates the definition of linear size. 
[0015] Fig. 2b illustrates the definition of linear size 
with an irregularly shaped object. 
[001 6] Fig. 2c illustrates the ratio of the linear size of 
an image portion 11 to the linear size of the regions 12 
of the image portion. 

[0017] Fig. 2d illustrates the ratio of the linear size of 
an image portion 11 to the linear size of the regions 12 
when using an unfavourable dividing method for seg- 
menting the image portion 11. Fig. 3 shows a typical 
configuration of a processing apparatus for carrying out 
the invention 

[001 8] Fig. 4 shows a typical data structure for a page 
element 11'. 

[0019] Fig. 5a to 5d depict a graphical representation 
of page elements used in the described example. 
[0020] Fig. 6 shows the final image reproduction to 
be sent to the printer. 

[0021] Fig. 7 shows a representation of partially 
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drawn page elements when printing a first band. 
[0022] Fig. 8 shows the location of a second band to 
be printed. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] A specific method according to the invention 
will be described below in relation with an apparatus de- 
signed to operate according to the invention. 
[0024] Fig. 3 depicts an apparatus for generating an 
image signal out of several page elements 11\ Signals 
containing the page elements 11* may be fed to the 
processing apparatus 20 via a communication channel 
21. The data are fed to the processing unit (CPU) 22. 
This CPU 22 is coupled to a memory means 23, prefer- 
ably outside the processing apparatus 20, via a data bus 
24. Beside the memory means 23 there is also provided 
a random access memory 28 for allowing storage of e. 
g. area tiles 12' in a quick accessible medium. Once e. 
g. an area tile 1 2' is loaded into the random access mem- 
ory 28, image blocks 14' of the area tile 12' can be ac- 
cessed quickly therefrom. The CPU 22 is further cou- 
pled to a merge system 25 preferably inside the 
processing apparatus 20. The merge system 25 can 
comprise for example a Field Programmable Gate Array 
(FPGA) and delivers the page signal to the printing en- 
gine 26 via the data connection 27. A typical memory 
means 23 is a magnetic storage disk but other types of 
memory means can be used. 

[0025] The complete printing job may be stored in one 
or more files 10', possibly accompanied by a book file. 
The files 10* hold all necessary instructions and data for 
executing the printing job, thereby enabling generation 
of the image signals required for the image reproduction 
10. For each page in the job the page can be described 
by: 

layout data including a list of references to the re- 
quired page elements 11' for composing the page, 
data representative for the relative position of the 
image portions 11 on the image reproduction 10, i. 
e. placement in relation with the starting point of the 
page and optionally the orientation of the image por- 
tion 11 in relation to the page and page element im- 
position scheme within the page i.e. the order of 
placement, which includes which page element is 
located above another when portions of the ele- 
ments occupy the same location. The information 
about the orientation preferably contains informa- 
tion of orthogonal rotations, i.e. rotation of the page 
element at integer multiples of right angles (0, 90, 
180 or 270 degrees) and mirroring together with a 
rotation at 0, 90, 180 or 270 degrees. Also other in- 
formation can be included. As an example informa- 
tion about a preferably rectangular clipping path can 
be added. A clipping path is a closed curve overlay- 
ing an image portion 11 and enclosing an area to 
which the reproduction of the image portion 11 is to 



be restricted. A rectangular clipping path may be 
identified by the co-ordinates (x,y) of two points 
(x1.y1), (*2.y2) representing e.g. the upper left and 
lower right corners of the rectangle. 
5 When no layout data book file containing layout da- 
ta is given, the file containing the page elements 
may provide information serving as layout data. 

The various page elements 1 1 * required for printing 
*o an image reproduction 10 can be grouped within 
one or more files 10'. The required page elements 
11' are preferably stored in a specific file format on 
a memory means 23 after the page elements 11' 
have been converted to that specific file format. It 
15 is possible that the required page elements 1V are 
delivered in a file already converted into the specific 
format. In this case conversion is already done in 
advance. 

20 [0026] As shown in Fig. 4, in a preferred embodiment, 
such a file 10' having a specific format, may typically 
comprise: 

A start magic number e.g. 4 bytes indicating the 
25 start of the file. The number is typical for the used 
file format. 

A file header containing following data: 

30 - version tag and data information about the version 
of the file format 

resolution tag and data containing the resolution 
code of the page elements 11'. The resolution of the 
35 page elements 11* can be e.g. 300 dpi (12 dots per 
mm), 600 dpi (24 dots per mm) or other integer sub- 
multiples of 600 dpi for a 600 dpi (24 dots per mm) 
printer. 

40 . optionally a comment tag and data containing char- 
acter comment or a number identifying the file can 
be included to give human-readable information 
when the file is opened. 

45 - A sequence of page elements 1 1 ' in the file 1 0' con- 
taining all the data of the page elements 11' stored 
in a special format. 

A file footer mainly holding data needed to locate 
so the address of page elements 11' within the image 
file 10'. Beside a tag, a data field containing meta- 
data for each page element may be present to con- 
tain for each page element the following fields: 

55 - A page element identifier (ID) which is a unique 
identification of the page element 1V within the 
file, 

Start offset of page element 11', representative 
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for the position of the memory location of the 
start of the data of the page element 1V, 
Size of the portion of page element 1V located 
before the page element metadata tag, Le. 
number of memory locations occupied by the 
page element image data before the metadata 
tag. 

Number of memory locations occupied by the 
complete page element 11". i.e. size of the full 
page element 11'. 

[0027] The file footer may also contain a tag indicating 
the end of the file together with a data field containing: 

Start offset data of first page element 1V, offset data 
of the memory location of the start of the data of the 
first page element 11\ 

A magic number serving as a marker for indicating 
the end of the file. 

[0028] The page elements 1 1 * and layout data may be 
stored separately from each other. The page elements 
11' in the page element sequence of the file 10' have 
preferably rasterised data, representative for a least one 
image portion 11 of the image reproduction 10. Raster- 
ised data represent an image by using a two dimension- 
al array of pixels. Each pixel represents a small portion 
of the total image. The array is preferably compressed 
by a compression method such as JPEG, CCITT, etc... 
CCITT is a compression standard of the Comite Con- 
sultatif International Telephonique et Telegraphique. 
[0029] In order to obtain the special format of the page 
elements, the different page elements are first read and 
ripped if necessary to obtain rasterised image data by 
the central processing unit 22. Page elements 11' can 
be offered initially to the processing apparatus 20 via 
communication channel 21 in various formats. Some of 
the possible formats are: 

Text files in combination with various fonts, 
Vector oriented drawings, such as tines, circle seg- 
ments, arcs, Bezier curves, filled trapezoids, etc. 
Continuous tone imagery, etc... 

[0030] During ripping to obtain rasterised image data, 
input data for page elements 11* is interpreted and con- 
verted to bitmap data i.e. rasterised data. Text files are 
combined with the appropriate font data and also con- 
verted to bitmap data. Also other object descriptions 
having various file formats can be decoded and convert- 
ed to bitmap data. This may be done by the central 
processing unit 22. The result is a bitmap for each page 
element 11\ A bitmap is typically a two-dimensional ar- 
ray of pixels. Each pixel represents a small square or 
rectangular portion of an image portion 11. In grey im- 
ages, each pixel may be represented by one value e.g. 
in the range of 0-255. In colour images, each pixel is 
typically represented by three or more colour compo- 



nents. For each colour component of each pixel a value 
is required. In a system with three colour components, 
where each colour pixel value is represented by 8 bits, 
each colour pixel may take 256 different values for each 
5 component. Consequently each pixel may take 256 3 = 
16,777,216 possible values. 

Besides the three colour values, extra bitmap values 
can be calculated for the black colour component. After 
ripping each page element 1V is thus described as ras- 
terised data representative for an image portion 11. 
[0031] According to the invention the ripped page el- 
ements 1V are segmented after ripping and decom- 
posed by the CPU 22 in smaller units for each colour 
and stored in the memory means preferably according 
to a hierarchical order. The page elements 1V will be 
stored in this format as to enable them to be used at 
different locations and orientations within the pages 
without the need for ripping the elements a second time. 
This requires less processing power and reduces the 
required amount of memory of the memory means 23. 
The same page element 1V can also be used at different 
locations in the image reproduction 10 to be printed. 
Preferably the page elements 1V are delivered in a file 
format wherein they have been ripped and segmented 
in advance, so the page elements can directly be stored 
in the memory means 23. 

[0032] Hereinafter a format for storage of the page el- 
ement 11' which can be used in the invention is de- 
scribed. The different levels of the hierarchical order are 
described for the preferred embodiment beginning with 
the smallest building block of the image. 

IMAGE BLOCK LEVEL 

[0033] The smallest element in the stored page ele- 
ment 1V is an image block 14*. 
In a preferred embodiment an image block 14* contains 
the data of a square area 14 of 64x64 pixels. In the de- 
scribed embodiment for a printing engine 26 operating 
at a spatial resolution of 600 dots per inch (600 dpi cor- 
responding to a resolution of 24 dots/mm), the image 
block 14' is representing a sub-portion 14 of a sub-re- 
gion 1 3. The image block 1 4' therefore typically contains 
data for a square area of 0.27cm x 0.27cm of the image 
reproduction 10. The size is preferably the largest block 
that can be manipulated by the hardware or optionally 
by software used for composing the image signal. This 
smalt size of the image block 14' enables rapid rotation 
or mirroring of the image block 14* and therefore the 
whole page element 1 1 ' can be rapidly manipulated. The 
image block 14* typically has a following structure: 

Image block header containing a compression for- 
mat code which indicates which compression for- 
mat is used for the image block 14*. This code may 
be stored in a memory location having the length of 
one byte. 

Image data which can be in compressed format. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP1 111 545 A1 



10 



The structure of the compressed data depends on 
the compression format used. For image blocks 14' 
multiple formats can be supported for e.g. cases in 
which the compressed data size would be unac- 
ceptably large. For this reason various prediction 5 
schemes can be used. The content of the data may 
be continuous tone or line work data. Data of empty 
image blocks 14' can be omitted. However, an indi- 
cation of these empty image blocks 14* is preferably 
stored. ™ 
Also other information can be incorporated into the 
image block 14*. For specialised printing jobs new 
channels for various uses can be added e.g. trans- 
parency gradations, image gloss value ... Informa- 
tion about the placement and orientation of the im- *5 
age block 14' may be incorporated into the descrip- 
tion of the page element 11'. Preferably also the off- 
set of the memory location for the data in the image 
block 14' is stored. This enables a rapid accessing 
of the image block data in an order needed to com- 20 
pose the image signal. Several sequences for ac- 
cessing a set of image blocks 14' can be used to 
compose the image signal dependent upon the 
used algorithm for assembling the image reproduc- 
tion 10. These offset data can be incorporated at 25 
various levels in the page element description. 
In the most preferred embodiment several image 
blocks 14' are assembled into one image tile 13'. 

IMAGE TILE LEVEL 30 

[0034] According to the most preferred embodiment 
an image tile 13' is the smallest block that will be ma- 
nipulated by the software. It is composed of image 
blocks 14' and provides a block of reasonable size to 35 
work with when performing block based operations in 
software. It is also an aid to minimise metadata, such as 
e.g. the offset of the memory locations of the image 
blocks 14\ about the image blocks 14'. An image tile 13' 
represents a sub-region 13 of an image portion 11 lo- 40 
cated on the image reproduction 10. 
In the preferred embodiment the image tile 13* contains 
a square matrix of 4x4 image blocks 14\ what means 
that its size is 256x256 pixels. At 600 dpi (24 dots/mm) 
this corresponds to a square area of 1 .08cm x 1 .08cm <5 
on the image reproduction 10. 
The image tile structure 13' comprises typically the fol- 
lowing data structures: 

An image block sequence: This is preferably simply so 
a sequence of image blocks 14' in the image tile 13'. 
In a preferred embodiment empty image blocks 14* 
are omitted from the sequence. 
Image block Metadata: This data structure contains 
a tag and a data field containing information about 55 
the offset of the data of the image blocks 14'. This 
data field holds position data representative for the 
(relative) position in the memory of the image block 



data 14' within the image tile 13' in the memory 
means 23. This allows for easy retrieval of the im- 
age block data 14'. In the preferred embodiment for 
each of the 16 image blocks 14' an offset value of 
two bytes is stored. As can be calculated in an im- 
age tile 13' a total of (4x4)x(64x64)= 65,536 pixels 
are present. The offset value for each image block 
14' can point to a corresponding memory location 
used for storing the image tile 13'. 
In the most preferred embodiment several image 
tiles 13' are combined into one area tile 12'. Prefer- 
ably, offsets are stored to indicate the (relative) po- 
sition in the memory where the data for an image 
block 14' starts. Empty image blocks 14' may be in- 
dicated by inserting an offset which equals zero. 
Likewise, it is preferred that memory offsets are 
stored for the start of an image tile 13* and empty 
image tiles 13' can be omitted when a offset value 
of 0 is given for these image tiles 13'. 

AREA TILE LEVEL 

[0035] According to the most preferred embodiment 
the area tiles 1 2* is the typical building blocks of the page 
elements 11'. When the page elements 11' are stored 
by the CPU 22 in the memory means 23, they are seg- 
mented into these area tiles 12' which each contain data 
representative of a region of the image portion 12. In the 
preferred embodiment the area tile 12' is composed of 
a square matrix of 8 x 8 image tiles 13' and contains 
(8x8)x(256x256)= 4,194,304 pixels which, for a printing 
system operating an 600 dpi (24 dots/mm), represents 
a square area of 8.67cm x 8.67cm of the image repro- 
duction 10. 

[0036] These area tiles 12' are in a format allowing 
easy reproduction of the area tile 12' without the use of 
data of other area tiles 12*. This also relates to the term 
"autonomic" area tile 12'. In some other storing methods 
using e.g. JPEG compression, data from a previous ar- 
ea tile 12' is needed to reconstruct the data of the next 
area tile 12*. This may lead to excessive processing ef- 
fort for reconstruction the area tile 12', especially when 
the page element 11' is to be rotated, mirrored, etc... 
Hereinafter an example of a format of such an autonom- 
ic area tile 12' used in the described embodiment is giv- 
en: 

[0037] The area tile data may comprise: 

An area tile tag and data field comprising a colour 
separation code. 

The sequence of the image tiles 1 3' within the area 
tile 12'. Empty image tiles 13' can be omitted from 
the image tile sequence or indicated by inserting an 
offset which equals zero. 

Image tile metadata: this may comprise a tag code 
and a data field having data for each image tile 13' 
in the area tile 12'. 
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This data field may contain for each image tile: 

transparency data indicating whether the image tile 
13' is fully opaque or not. 

Image tile metadata offset, i.e. offset of the memory 
location where the image tile metadata can be 
found. 

Optionally other fields can be included into the area tile: 

Complexity data of the image blocks 14\ represent- 
ative for ti amount of processing effort needed to 
process the area tile 12' data of the page element 
1V. This field enables to make estimations about 
the complexity of a printing job. It typically contains 
a 1-byte code per image block 14' in the area tile 
12\ saying how good or how bad the image block's 
compression has been done. With this aid it is pos- 
sible to calculate for a given printing engine 26 
whether it is possible to do the necessary calcula- 
tions to compose the image signal within the re- 
quired time interval for delivery to the printing en- 
gine 26. The signal has to be timely available when 
the printing engine 26 prints the job. No interrup- 
tions in the delivery of the image signal are allowed 
while the printing engine 26 is running. Using the 
complexity data it is possible to calculate in advance 
whether the printing job using the "book file" can be 
printed on the printing engine 26 in real time i.e. 
whether the processing apparatus 20 is capable of 
delivering data at the speed of the printing engine. 
When the processing power of the processing ap- 
paratus 20 is too low to keep up with the speed of 
the printing engine 26, certain calculations may 
have to be made in advance in order to diminish the 
amount of calculations needed when the job is ex- 
ecuted in real time. Also information whether the im- 
age blocks 14* are totally transparent, totally 
opaque, or partially transparent may be included. 

In order to indicate the end of the area tile 12' and 
for data integrity reasons a CRC (cyclic redundancy 
check) footer is preferably added. The CRC code 
may be computed based upon all the data written 
in the area tile 12*. 

AREA TILE MEMORY LOCATION. 

[0038] When composing the image signal from the ar- 
ea tiles 12' of the different page elements 11', the image 
reproduction 10 is composed from top to bottom. Com- 
position of the image signal is done by processing the 
different area tiles 12' as they are needed. A detailed 
system for composing the signal will be described later 
on. In any case all the data of one area tile 12* have to 
be easily accessible. A particular advantage can be ob- 
tained when the data of an area tile 12' are stored in the 
memory means 23 at contiguous locations such that re- 



trieval of the data of an area tile 12' can be done very 
fast. When using a magnetic disk, the memory locations 
for storing complete area tiles 12* are preferably chosen 
as to make sure that the reading mechanism has to per- 

5 form a minimum of mechanical movements so less time 
is consumed in reading data from disk. This can be done 
by storing the data in sectors where each sector comes 
directly after the previous. To obtain this storing of the 
data in contiguous memory locations, it is important to 

10 have optimum memory management. Fragmentation of 
the data is to be largely avoided. This gives an important 
advantage when the processing of the page elements 
1 1 ' is to be done in real time i.e. while the printing engine 
26 is running. Especially hard disk reading mechanisms 

*5 are relatively slow and when data is stored at unfavour- 
able memory locations a large amount of time is con- 
sumed while waiting for the mechanical parts to move 
to places where the data is to be read from the memory 
means 23, especially when data is scattered around at 

20 different locations of the disk. This threatens the contin- 
uance of the data stream to the printing engine 26. Also 
for other memory means 23 using different storing meth- 
ods a good choice of memory locations for storing one 
area tile 12' can make a difference relating to the speed 

25 of retrieval of the area tile data 12'. 

[0039] It can be seen that an area tile 12' does not 
only represent a region 12 of an image portion 11 on the 
image reproduction 10 but can preferably also be relat- 
ed to a (physical) area in the memory means 23. 

30 [0040] Also for other types of memory a favourable 
way of storing can be found. Using solid state memory 
modules such as conventional random accessible 
memory, it can be avoided that retrieved data has to be 
extensively processed to obtain the required data in the 

35 right order. Memory management is very important. 
[0041] Preferably the different area tiles 1 2' are stored 
in the memory means 23 in the order they are needed 
for composing the image signal. This even ensures fast- 
er retrieval and faster overall processing. 

40 

AREA TILE GEOMETRY AND LINEAR SIZE 

[0042] In a preferred embodiment image blocks 14* or 
image tiles 13' or area tiles 12' represent an image sub- 

45 division having a square geometry. In a more preferred 
embodiment all sub-elements i.e. image blocks 14', im- 
age tiles 13* and area tiles 12* all represent image sub- 
divisions having a square geometry. A square geometry 
means that the number of pixels in a row equals to the 

so number of lines in such a subdivision, e.g. 64x64; 
256x256; 4096x4096. This is the most favourable case 
but other geometric forms can be used. In other embod- 
iments the page element 11* can be composed of rec- 
tangular image subdivisions, but also other forms such 

55 as triangles, diamond-like forms or even irregular forms 
are conceivable. It can be seen that for certain applica- 
tions in image printing specific form are favourable ; e. 
g. when printing packaging material intended for a pack- 
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age having the shape of a tetrahedron, specific forms of 
image portions 11 (page elements 1V) and hence a spe- 
cific shape of the region 12 of image portions 11 (area 
tiles 12') can be favourable. 

The borders of the image regions 12 represented by the 
data of the area tiles 12' preferably exactly join with the 
border of the neighbouring regions 12 but this is also not 
necessary. 

[0043] The linear size of the region 1 2 which is repre- 
sented by the area tile 12' in relation to the linear size 
of the whole image portion 11 represented by the page 
element 1V may vary. In order to obtain a maximum ad- 
vantage of the described method, the linear size of the 
image portions 11 (electronically represented by page 
elements 1V) and the linear size of the regions 12 of 
image portions 11 (area tiles 12') best meet certain cri- 
teria. However defining these criteria for irregularly 
shaped regions may lead to different values for the cri- 
teria. 

[0044] When defining the linear size as described 
above, in conjunction with figures 2a-2d, the linear size 
of the image portion 11 represented by the page element 
1 V is the diameter of the smallest enveloping circle en- 
veloping the image portion 11 represented by the page 
element 1V and the linear size of the region 12 of the 
image portion 11 represented by the area tile 12' is the 
diameter of the smallest enveloping circle enveloping 
this region 12 represented by the area tile 12*. It is here- 
by advantageous that twice the linear size of the image 
region 12 is smaller than or equal to the lineal size of 
the image portion 11. 

[0045] Fig. 2c shows an example where one image 
portion 11 has three adjacent regions 12. The linear size 
29 of the image portion 11 is indicated by axis line 29. 
The linear size 30 of the region 12 is indicated by axis 
line 30. Because the ratio of the linear size 30 of the 
region 12 and linear size of the image portion 11 meets 
the criteria, that S 30 /S29^0.5, each region 12 represents 
a relative small and compact segment of the image por- 
tion 11. A less favourable example is given in Fig 2d. 
Here the linear size 29 of the image portion 11 and the 
linear size 30 (shown somewhat translated in order to 
avoid overlap with 29) of the regions 12 representing the 
area tiles 12' do not meet the criteria and when process- 
ing the area tiles 12' it is clear that each region 12 is nor 
restricted to a small portion of the image reproduction 
10. As described later on this can lead to disadvantages 
when composing the image reproduction 10. 
[0046] For the same reasons it is favourable that the 
linear size of the sub-regions 1 3 represented by the data 
of the image tiles 1 3' meet the same criteria, i.e. that the 
linear size of sub-region 13 is smaller than or equal to 
half the linear size of the region 12. 
[0047] In a preferred embodiment, it is also advanta- 
geous that the ratio of the linear size of the sub-portions 
14 and the linear size of the sub-regions 13 meet the 
same criteria, i.e. it is favourable that the linear size of 
the sub-portion 14 is smaller than or equal to half the 



linear size of the sub-region 13. 
PAGE ELEMENT LEVEL 

5 [0048] When preparing the printing job, a page ele- 
ment 1V is segmented into different autonomic area tiles 
12'. Each area tile 12' has tile data representative for a 
region 12 of the image portion 11. This data is stored 
into the memory means 23. There is no limit on the max- 

10 jmum number of area tiles 12* within a page element 1V. 
A page element 1V is preferably completely self-con- 
tained and therefore can be drawn separately i.e. with- 
out using data from a neighbouring page element 1V or 
it can be extracted out of a file. 

15 [0049] According to the most preferred embodiment, 
the data-structure of a page element 1V typically is as 
follows: 

Page element tag indicating the start of a new page 
20 element 1V 

A sequence of area tiles 1 2': This comprises the se- 
quence of area tiles 12' in the page element 11*. 
Empty area tiles 12' can be omitted from the se- 
quence. 

25 - Page element metadata tag indicating the start of 
the metadata 

The metadata itself containing: 

Width of the page element 11' (in pixels) 
30 - Height of the page element 1V (in pixels) 

Resolution code indicating resolution of the 
page element 11' 

Number of colour separations and the different 
colour separation codes. 
35 - Area tile 1 2' metadata containing general infor- 
mation: 

Tag indicating start of area tile 12* metadata 
Transparency rectangle indicating which pixels 

40 of the area tile 1 2' are fully opaque. The rectan- 

gle is preferably described by x and y position 
of the upper left corner of the rectangle within 
the image portion 11 and the width and height 
of the rectangle. 

45 - Value of the quality factors used for compres- 
sion of e.g. JPEG compression. 
Number of different compression formats used 
and information about these compression for- 
mats. 

50 

Next metadata about each individual area tile is list- 
ed containing 

Start offset of area tile 12\ e.g. relative loca- 
55 tions pointing to the start address of the mem- 

ory location where the data of the area tile 12' 
starts. This offset is preferably zero if the area 
tile 12' is empty. 
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Size of area tile 12* data occurring before the 
image tile metadata within the area tile 12' 
- Full size of area tile 12' (CRC included) 

Other fields may contain metadata about position 
and clipping. 

Clipping data may comprise 

x position of the upper left corner of the clipping 
rectangle within the page element 11'(image 
portion 11) 

y position of the upper left corner of the clipping 
rectangle within the page element 11 '(image 
portion 11) 

width (in pixels) of the clipping rectangle 
height (in pixels) of the clipping rectangle 

Orientation (09, 90Q, 1809 or 2709) and mirroring 
data are optional. When no special position or clip- 
ping is necessary, the description can be simplified. 
Other optional data fields can be included such as 
a Huffman table used for coding the page element 
1 V. Normally a standard Huffman table will be spec- 
ified but a different table can be used for each page 
element 11'. 

[0050] According to the method of the invention, the 
page elements 1V are segmented and stored in the 
memory means 23 as described above. 
[0051] According to one embodiment, the page ele- 
ments 1V are segmented into area tiles 12'. According 
to a preferred embodiment, the area tiles 12' are further 
segmented using at least one of the hierarchical levels 
described herein above. Area tiles 12' are preferably fur- 
ther divided into a plurality of image tiles 1 3', each image 
tile 13' being representative for a sub-region 13 of the 
region 12 represented by the area tile 12*. In order to 
obtain rapid retrievability of the image tiles 13', offset 
data containing information about the location of the im- 
age tile data in the memory is included into the page 
element 1V. As described above in a preferred embod- 
iment the offset data of the image tiles 13* is preferably 
stored at area tile level. 

[0052] The image tiles 13* are preferably further divid- 
ed into image blocks 14' representative for a sub-portion 
14 of a sub-region 13. 

[0053] One of the main advantages of a hierarchical 
structure for storing the image data, e.g. using page el- 
ement 11', area tile 12', image tile 13* and image block 
14' is that image data is rapidly retrievable. After an area 
tile 12' is loaded from the memory means 23 into the 
random access memory 28, the data of an image block 
14' and the reproduction parameters of the image block 
14' can be rapidly found and retrieved from the random 
access memory 28 and brought together. This is done 
by using the metadata comprising the offset data includ- 
ed in the different hierarchical levels of the format. The 
retrieval of the image blocks 14* preferably should be 



possible in a random manner. This is a big advantage 
when composing the image signal. It is to be avoided 
that long series of image blocks 14' are to be read in 
order to obtain the data required to generate a specific 

5 portion 11 of the image reproduction 10. 

Certain compression methods (e.g. JPEG) rely for the 
reproduction of one image block 14' on information from 
other image blocks 14'. These data have thus to be ac- 
cessed in a fixed order to allow the retrieval and recon- 

10 struction of the needed data. When a page element 1 V 
is rotated of mirrored the order in which the blocks are 
needed can be totally different from the order in the com- 
pression sequence. This leads to retrieving and calcu- 
lating large amounts of data which will eventually not be 

*5 used. 

[0054] The reproduction parameters of the image 
block 14' may be derived from the metadata gathered 
from the different hierarchical levels. Certain parame- 
ters are present as such in the file format. Others have 
20 to be derived or calculated from a combination of differ- 
ent metadata stored on page elenent 11\ area tile 12', 
image tile 13' or image block 14' level. 
[0055] These reproduction parameters may include: 

25 - data compression method, such as run length en- 
coding, JPEG,... 
gloss level 

clipping paths, preferably rectangular 
spatial resolution 

30 - position of the sub-portion 14 of the sub-region 13 
on the image reproduction 10 which car be calcu- 
lated fron the position and size data at different lev- 
els, combined with the layout data, 
orientation of the image block 14' to be used. 

35 - transparency data, transparency gradation 
colour separation codes 
Huffman code table 

[0056] It is possible to store all the reproduction pa- 

<o rameters at a single level. E.g. each image block 14' 
could have a metadata field comprising all the reproduc- 
tion parameters for the block but this mostly leads to a 
high volume of data which is repeated for each block. 
This solution may require more memory space and thus 

45 involves a higher cost. 

Another solution would be to include all the reproduction 
parameters for all the image blocks 14' into the metada- 
ta field of the page element 1V. This may lead to a large 
overhead for the com pu tat of reproduction parameters 

so in the page element file 10'. 

An appropriate distribution of the reproduction parame- 
ters over the several hierarchical levels may diminish 
the amount of metadata a the processing requirements. 
[0057] Various alternatives can he constructed based 

55 upon this hierarchical structure. It is possible to use only 
the area tile 12' level for segmenting the page element 
1V and not diviie the area tile 12* into lower level units. 
The image tile 13' Level can be omitted from the page 
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element 1V format. The size of the pixel-matrix of the 
different sub-elements 1V, 12\ 13\ 14* can be chosen 
larger or smaller but normally the size will mainly depend 
on the design and construction of the processing appa- 
ratus 20. The form of the segments 11, 12, 13, 14 may 5 
be different from square, e.g. rectangular, rhombic, trap- 
ezoid, triangular, hexagonal, etc.. 
As mentioned above, the page elements 11' may be 
read and ripped by the CPU 22. The page elements 1V 
are preferably segmented into area tiles 12' which are 
preferably further divided into image tiles 1 3* and the im- 
age tiles 1 2' preferably are segmented into image blocks 
14'. It is also possible that the page elements 11 ' are 
already delivered to the processing apparatus 20 in the 
desired format as described. When all the page ele- 
ments 1V, required for printing an image reproduction 
10, are rasterised, segmented and stored in the memory 
means 23, the generation of the image signal can be 
started. All data required for composing the image signal 
is preferably read from the memory means 23 and 
stored in the random access memory 28 to allow quick 
access. According to the information of the layout data, 
the data of the required page elements 1V are retrieved 
from the memory and placed into a buffer to generate 
the image signal for the image reproduction 10. Data 
retrieval can be done out of the random access memory 
28 or out of the memory means 23, or even out of a com- 
bination of both. 

[0058] Composition of the image reproduction 10 may 
be done in a progressive manner. Composition is started 
at the top of the page. This signal is to be delivered first 
to the printing engine 26. As mentioned above, com- 
posed page data for the image reproduction 10 is not 
directly sent to the printing engine 26 but is stored in a 
memory buffer capable of storing at least a portion of 
the composite image for printing. This buffer may be pro- 
vided for each colour (yellow, magenta, cyan, black) and 
for other printing stations in the printer (e.g. colourless 
transparent glossy toner in an electrographic printer). 
Also other toners or inks having special properties can 
be used. When printing on a duplex printer, buffers are 
provided for each side of the page. The processing al- 
gorithm described herein below may be used for every 
printing colour or extra printing station. 
[0059] This processing for each colour can be done 
simultaneously or one colour after another. As it may be 
too expensive to provide a buffer for the whole page, the 
buffer is preferably sized so that it is capable of taking 
a portion of the page in the buffer memory collecting the 
data to be sent to the printer. 

The placement of the page elements 11' can be done in 
various vays. 

[0060] Hereinafter an example is described using a 
specific algorithm for the composition of a page com- 
prising several overlapping page elements 11 \ 
[0061] In the description following definitions are 
used: 



Top of the page: this is the beginning of the page 
which is first composed (printed). 
End of the page: the portion of the page which is 
composed (printed) last. 

Objects lying closer to the top of the page are locat- 
ed at a lower ordinate Y than objects close to the 
end. 

In a set of page elements 11". each page element 
1V can be assigned to a different layer. The page 
elements 1V laying in an upper layer mask objects 
lying in bottom layers when occupying the same 
place on the page. 

[0062] Figs. 5a to 5d depict representations of four 
page elements 1V to be used for composing a page to 
be printed by the printing engine 26. 
[0063] Page element A shown in Fig. 5a is a page el- 
ement composed of a text, which is coded in run length 
coding, and a transparent background. 
[0064] Page element B shown in Fig 5b is a continu- 
ous tone JPEG code image which has to be printed in 
a rotated position. 

[0065] Page element C shown in Fig 5c is a text page 
element having text and a non-transparent background 
in full colour. For printing on the page a clipping path, 
having the shape of an arrow, is include to obtain the 
form of an arrow. 

[0066] Page element D shown in Fig 5d is a small text 
page element with transparent background. 
[0067] Fig. 6 represents an image of the desired out- 
put page. The segmentation into the regions 12 corre- 
sponding to the area tiles 12' is indicated using dashed 
lines. 

[0068] The four page elements (A, B, C and D) are 
ripped by the CPU 22, segmented and stored in the 
memory means 23. Preferably the area tiles 12'of the 
page elements 1V are stored in the random access 
memory 28. A separate layout signal is provided, pref- 
erably stored in the random access memory 28, describ- 
ing the page. In order to compose the page, first a band 
in which the image is to be composed is defined. 
[0069] The following description is given referring to 
Fig 6 to Fig. 8. First a general description is giving for 
the selection of the page elements, afterwards the meth- 
od is described for the present example. 

The page elements 1V are ordered from the upper 
layer to the bottom layer, i.e. an order is made 
wherein the page elements 1V overlying the other 
are ordered before page elements 1V lying at the 
bottom. 

A band, starting at offset 01 and ending at offset 02, 
is defined, where 02>01. In Fig. 6 the band 01-02 
is situated at the top of the page. Because the buffer 
is not capable to store the whole page, there is a 
limit to the length of band that can be stored. This 
limit is called deadline and lies at offset D where 
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D>02. The values of the offsets 01,02 and of the 
deadline D may vary according to the size of the 
available memory buffer, processing capacity and 
other system variables (disk speed, data bus ca- 
pacity,...) 5 

A list of SPE (selected page elements 1V) is made 
of page elements 1V which are necessary for print- 
ing this band. These selected page elements 1V are 
selected from a list PE of the required page ele- *o 
ments 1V for printing the page. Each selected page 
element 1V is associated with a drawing limit Lspe x 
indicating to what extent the page element will be 
drawn. This is done by following steps: 

15 

First a drawing limit L is set to 02. This is tie limit 
indicating to which extent page elements 11' will be 
drawn. The value L is representative for the dis- 
tance from he top of the page to the limit to where 
the page element 11' will be drawn. 20 

For every single page element 1V pe x of the page, 
required for printing the page, which all are ordered 
in the list PE in descending order (upper layer page 
elements 11* are handled first), following procedure 25 
is executed: 

1. Set the drawing limit for the page element 
pe x to L. 

30 

2. For every single already selected page ele- 
ments spe x in the list SPE of selected page el- 
ements it is checked whether spe x overlays pe x 
of the list PE. If spe x overlays pe x in the region 
between 01 and L, compare the drawing limit 35 
Lspe x with the drawing limit of pe x and set L to 

the highest value. 

3. If pe x has a portion to be drawn between 01 
and L, add pe x to the list SPE. This condition <o 
can be determined by considering the origin of 
the page element 11\ the desired orientation 
and size. The drawing limit of this page element 

11' will be set to L, but padded to the end of an 
image blocs 1 4' (Sub-portion 1 4 of a sub-region 45 
13) obtaining a drawing limit Lspe, for the newly 
selected page element 11\ This means that the 
drawing limit of the page element 1V is set high- 
er in order to coincide with the edge of a row of 
image blocks 14*. 50 

4. For the following page elements the same 
steps are taken using the newly obtained L from 
the previous step. 

55 

The drawing limit can never exceed the deadline D. 
The case when drawing limits coincide with the val- 
ue of O is described further below. 



For the example in the described embodiment the 
drawing limit is first set to L which is equal to 02 

The list PE of page elements comprises in descend- 
ing order from upper layer to bottom layer PE=(C, 
D,A,B). The order of these elements is determined 
by the layout data containing the layout scheme. 

For this band, start with an empty list SPE. Thus 
SPE-(). 

Page elements C and D do not overlap with the 
band 01-L and therefore are not selected during the 
third step when executing the procedure described 
above. The first page element 1V to be considered 
when going through the list of ordered page ele- 
ments PE, is A. 

Since SPE is empty there are no overlaying page 
elements 11 ' in the list SPE of selected page ele- 
ments, the value of L need not to change. 

As A has a portion to be drawn in the band 01-02, 
page element A is added to the empty list SPE of 
selected page elements. Thus SPE=(A). The draw- 
ing limit L for this page element 1 V is simply padded 
to the end of an image block. This is indicated in Fig 
6 by LA. LA is now the drawing limit of page element 
A . The image sub-portions 14 corresponding to im- 
age blocks 14* are not shown because their dimen- 
sions are too small to be drawn clearly. 

When considering page element B, the last page 
element 11* in the sequence PE=(C,D,A,B), it is 
found that A in the list SPE=(A) overlaps with ele- 
ment B and that A has a higher drawing limit LA than 
the initial drawing limit L of element B. Therefore the 
drawing limit L is set to LA. 

Page element B has a portion to be drawn between 
01 and L and is added to the list SPE, such that 
SPE=(A t B). 

- The drawing limit L for page element B is padded 
to the end of an image block of B thus obtaining a 
drawing limit LB, as shown in Fig. 6. Therefore the 
drawing limit LB of the bottom element B is higher 
than the drawing limit LA of element A . 

[0070] After the generation of the list SPE list is com- 
pleted and all the drawing limits of the image portions 
11 corresponding to the page elements 11* in the list 
SPE are defined, the list of selected page elements 
SPE=(A,B) is backwards accessed, i.e. first B and then 
A. 

[0071] First the data of the image blocks 14' of the se- 
lected page elements 11' lying in the bottom layer and 
which have not yet been written to the buffer during gen- 
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eration of the signal of a previous band, if the band which 
is being processed is not the first, are accessed and writ- 
ten to the buffer. Accessing the image blocks 14' is pref- 
erably done in an order based upon information con- 
tained within the layout data. By using the metadata at 5 
the different segmentation levels and the layout data, it 
is possible to rapidly access the data and reproduction 
parameters in a favourable order, and if needed, decom- 
press, translate, rotate or mirror the accessed image 
blocks 14' and place them in the buffer memory at the io 
right location in the short available time. This can be 
done by using dedicated hardware for these functions. 
An other possible solution is to use a processor with 
adapted software. All this has to be done quickly as the 
printing engine 26 is running and the stream of data has *5 
to be continuous. 

In general, after the bottom layer page elements 11', the 
upper layers, possibly containing overlaying page ele- 
ments 11\ of the band are retrieved and written to the 
buffer. Image blocks, of the band to be processed, al- 
ready written to the buffer during formation of a previous 
band, need not to be reprocessed and written As ex- 
plained below these blocks are included in the starter 
leftover from the previous band. When writing into mem- 
ory locations of the buffer, already occupied by page el- 
ements 11* laying closer to the bottom layer, the data 
already in the buffer are simply overwritten. This causes 
no problems as the overlaying page element is always 
written after the bottom layers. 
Because the drawing limit (e.g. L$) of the underlying 
page elements is always higher than the drawing limit 
of the overlying page elements (e.g. 1_b) it is not possible 
that data of the underlying page elements is written at 
memory locations where data of overlying page ele- 
ments is already written. 

[0072] In the current example, first the required image 
blocks 14 of page element B are accessed, the JPEG 
coding is decompressed and the result is quickly rotated 
by the hardware and is written to the buffer at the desired 
memory locations. This rotation and other transforma- 
tions can be done fast because of the hierarchical seg- 
mentation of the page elements 1V and the linear size 
characteristics of the regions 12. 
It is also not necessary to access the image blocks 14* 
of one layer in a specific order. Due to the hierarchical 
segmentation, a placement of the image blocks 14' in a 
random order is possible. 

The image blocks 14' can also be put at random in the 
correct locations in the buffer. The positioning of under- 
lying image blocks 14' has no influence on the place- 
ment of the image blocks 14* of an upper level. As men- 
tioned above, a favourable order for accessing the im- 
age blocks 14' may exist depending upon the layout data 
of the page element 1V. 

It is also possible to merge page elements 1V with an 
underlying bitmap or completely ripped page already in 
the memory buffer. 

[0073] In the current example the area tiles B8, B9, 



B10, B18, B19, B20, B28, B29. B30, B38. B39. B40, 
B48, B49 and B50 (see Fig. 7) can be accessed and 
stored in the buffer completely with all their image blocks 
14*. As a large area of are tiles B10, B20, B30, B40 and 
B50 is empty, there will be only a small amount of data 
needed to write these area tiles 12' in the buffer. Not all 
of the image blocks 14' of area tiles B7, B17, B27, B37 
and B47 (Fig. 7) have to be drawn because these area 
tiles 12 f are divided by the drawing limit Lg. After com- 
pletion of the bottom layer containing B, having the 
JPEG coded picture, the image blocks 14* of page ele- 
ment A are accessed, the run length coding is decom- 
pressed and the data is written to the buffer memory. 
[0074] Area tiles A1-A4 and A8-A11 (indicated in Fig. 
6) are written into blank memory locations. The image 
blocks 14' of area tiles A5-A7 and A12-A14 (partially) 
overwrite memory locations already occupied by page 
element B. As the background of element A is transpar- 
ent, the image from page element B is not completely 
overwritten. Only the solid text replaces the image data 
of the picture B in the output buffer. Area tiles A8 to A14 
are not put into the buffer completely as they are divided 
by drawing limit L A . The finished result of the first band 
is indicated by the solid line rectangles in Fig. 7. As the 
bottom layer image blocks of page element B are drawn 
first to a higher drawing limit L B it is impossible that later 
drawn image blocks of the overlaying area tiles 11' of 
page element A will be overwritten by the image blocks 
14' of page element B. When a first band is finished, all 
the page elements 11' no longer needed can be deleted 
from the list PE containing all the page elements 11'. In 
the example page element A can not be omitted from 
the list PE=(C,D,A,B) as area tiles A8 to A14 are not 
written completely to the buffer. If a page element 1V is 
completely written to the buffer, but if it is needed further 
on in the page, it is kept also in the list PE. The page 
elements 11' written in the memory means can be re- 
used at other locations as they are stored in an orienta- 
tion invariant format. 

When the whole band is completed for all the colours of 
the image, the data for the band between 01 and 02 can 
be sent from the buffer to the printing engine 26. As the 
different drawing limits of the page elements 1 1 ' may ex- 
ceed 02, several image blocks lying in the band between 
02 and the highest Lspe x are already drawn. This portion 
between 02 and Lspe x is kept as a starter for the next 
band. After completion of the processing of the first 
band, a following band is defined and the procedure is 
repeated for this band. The processing of the following 
band has to be completed before all the data of the im- 
age of the first band has been sent completely to the 
printing engine 26. In this way a continuous stream of 
data to the printing engine 26 can be guaranteed. In re- 
lation to the current example the new offset 01 is set to 
the old 02 and a new 02 and deadline D are defined as 
shown in fig. 8. The initial drawing limit L is set to the 
new 02 as shown in fig. 8. Again a list SPE=(A,B) is com- 
posed. B is the page element to be placed at the bottom 
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layer. A is considered first. As the drawing limit L ex- 
ceeds the location occupied by A, the remaining portion 
of this page element 1 1 ' can be written to the buffer com- 
pletely. For page element B a new drawing limit Lq is set 
padded to the end of image blocks 14*as indicated in 5 
Fig. 8. First the image blocks 14' of bottom layer element 
B are written to the desired locations in the buffer. Only 
the image blocks 14* which have not been processed in 
the previous step need to be accessed. Afterwards the 
image blocks 14' of element A which have not yet been w 
processed in the previous step are accessed, proc- 
essed and are written over the memory positions of the 
bottom layer image blocks 14' of page element B. After- 
wards page element A can be omitted from the list of 
page elements PE=(C,D,A,B) to be drawn, giving now *5 
PE=(C,D,B). 

[0075] In the lower portion of the example page, a clip- 
ping path shaped as an arrow was imposed on the rec- 
tangular page element C. While retrieving the page el- 
ement C and writing it to the buffer, preferably only data 20 
within the arrow-like clipping path4s written to the buffer. 
[0076] When, due to multiple page elements 11' over- 
lapping each other, the drawing limit L reaches the dead- 
line D, it sometimes is, due to a lack of available memory 
locations in the buffer, impossible to pad the drawing lim- 25 
it to the end of an image block 14'. Image blocks 14' lying 
across the deadline D can only be drawn partially. These 
blocks 14' which are drawn incompletely receive a spe- 
cial marker. When printing the following band, the image 
blocks 14' have to be partially redrawn. 30 
[0077] When determining the order for retrieving the 
image blocks 14' of the different page elements 1V for 
composing the image signal, it is also possible to take 
into account the complexity data present within the page 
elements 11'. As well the data on compression ratio as 35 
the data indicating transparency can herein be used. 
[0078] If a page element 11* has a large amount of 
data, it is possible to introduce an extra level in the hi- 
erarchical segmentation of the page elements 11\ The 
page element 1 V can be divided into serveral page tiles. <o 
These page tiles contain area tiles 1 2' having all the nec- 
essary data for independent reproduction. These page 
tiles can also be used when merging two separate page 
elements 1V into one large page element. Each original 
page element 1V can serve as a page tile without ex- *s 
cessive processing effort. It is one of the advantages of 
the used file format that it enables easy merging of sev- 
eral page elements into a bigger one. 
It is clear that the term "page" used in this description is 
not limited to the known page sizes e.g. A4 (210 mm x so 
29.7 mm). The page size can vary and take unusual pro- 
portions while there are virtually no restrictions to the 
number of page elements 1 V on the page. As an exam- 
ple of an unusual page size it is noted that the digital 
press AGFA ChromaPress can print pages up to 11 m 55 
in length. The Agfa ChromaPress is a duplex colour 
printer (cyan, magenta, yellow, black) having a resolu- 
tion of 600 micro dots per inch (24 dots per mm) for pro- 



ducing 1000 A3 pages per hour. ChromaPress is a 
trademark of Agfa-Gevaert N.V. in Mortsel, Belgium. 
As the output signal can also take an electronic form, 
the term "page" is not limited to a sheet of paper or hard- 
copy material. 

[0079] In the preferred embodiment the obtained im- 
age signal is fed from the memory buffer for further 
processing by a screening algorithm. A screening algo- 
rithm is capable of transforming a continuous tone ras- 
terised image to a binary halftone or multilevel halftone 
image, more suitable for printing. Afterwards the printer 
can print the image using the screened colour separa- 
tions. 

[0080] Having described in detail preferred embodi- 
ments of the current invention, it will now be apparent 
to those skilled in the art that numerous modifications 
can be made therein without departing from the scope 
of the invention as defined in the appending claims. 
[0081] Parts list 



10. 


Image reproduction 


10\ 


File 


11. 


Image portion 


1V. 


Page element 


12. 


Region of image portion 


12\ 


Area tile 


13. 


Sub-region of image portion 


13'. 


Image tile 


14. 


Sub-portion of a sub-region of an image portion 


14*. 


Image block 


20. 


Processing apparatus 


21. 


Communication channel 


22. 


CPU (central processing unit) 


23. 


Memory means 


24. 


Data bus 


25. 


Merge system 


26. 


Printing engine 


27. 


Data connection 


28. 


Random access memory 


29. 


Linear size of image portion 11 


30. 


Linear size of region 12 



Claims 

1 . Method for generating an image signal for an image 
reproduction (10) from: 

at least one page element ( 1 1 *) having data rep- 
resentative for at least one image portion (11) 
of said image reproduction (10) and 
a layout signal having layout data for defining 
at least one position of said image portion (11) 
in said image reproduction (10). 

wherein said page element (1V) is segmented into 
a plurality autonomic area tiles (12*), each area tile 
(12') having tile data representative for a region of 
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said image portion (11), and wherein said tile data 
is stored in a memory means (23), comprising the 
step of: 

retrieving from said memory means (23) said 
tile data according to said layout data for gen- 
erating said image signal. 

2. Method according to claim 1 wherein a linear size 
of said region (12) is smaller than or equal to half a 
linear size of said image portion (11). 

3. Method according to any one of the preceding 
claims wherein said page element (11 ') includes off- 
set data representative for the offset of the memory 
location of said area tile (12') within said page ele- 
ment (1V) within the memory means. 

4. Method according to any one of the preceding 
claims wherein said tile data is stored in said mem- 
ory means (23) at contiguous memory locations. 

5. Method according to any one of the preceding 
claims further comprising the step of dividing at 
least one autonomic area tile (12 , ) 1 into a plurality 
of image tiles (13') t each image tile (13') represent- 
ing a sub-region (13) of said region (12) represent- 
ed by said area tile (12'). 

6. Method according to claim 5 wherein said page el- 
ement (1V) includes offset data representative for 
the offset of the memory locations of data of said 
image tile (13') within said area tile (12*). 

7. Method according to claim 5 or 6 wherein a linear 
size of said sub-region (1 3) is smaller than or equal 
to half the linear size of said region (12). 



cessing said image blocks (14*) in an order based 
upon information of said layout data. 

12. Method according to any one of the preceding 
5 claims further including the step of decompressing 

said tile data. 

13. Method according to any one of the preceding 
claims wherein said page element (1V) contains 

10 complexity data representative for an amount of 
processing effort needed to process said tile data 
of said page element (1V). 

14. Apparatus for generating an image signal for an im- 
15 age reproduction (10) comprising: 

memory means (23) for storing: 

data of segmented page elements (1V) 
20 representative for at least one portion (11) 

of said image reproduction (10) and 
layout data defining at least one position of 
at least one image portion (11) in said im- 
age reproduction (10),and a 

25 

processing unit for 

retrieving said data of said segmented 
page elements (1V) in accordance with 
30 said layout data, and 

generating said image signal for image re- 
production (10). 



35 



8. Method according to claim 5, 6 or 7 further compris- 
ing the step of dividing an image tile (13*) into a plu- *o 
rality of image blocks (14*), each image block (14') 
having data representative for a sub-portion (14) of 
said sub-region (13) and said page element (1V) 
having data including reproduction parameters for 
said image blocks (14'). 45 

9. Method according to claim 8 wherein said page el- 
ement (1V) includes offset data representative for 
the offset of the memory location of said image 
block (14*) data within said image tile (13'). so 



10. Method according to claim 8 or 9 wherein a linear 
size of said sub-portion (14) of said sub-region (13) 
is smaller than or equal to half the linear size of said 
sub-region (13). 

11. Method according to claim 8, 9 or 10 further com- 
prising the step of accessing said tile data by ac- 
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